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Driving Simulation VS. 
On-Road Instrumented Vehicles
Simulation Is used:

– Entertainment

– Training

– Research

• Driver behavior

• Performance

• Attention

• On-Road Instrumented

– Training

– Research
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Importance of Driving Research

Public Health Issue

National Highway Traffic Safety Administration 
(NHTSA)

43,000 deaths/year (117/day) in US

Driver inattention
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Previous and Ongoing Research

University of Iowa 

Public Policy Center

Teen Drivers

Departments of Neurology & Biostatistics

Elderly Drivers

Virginia Tech Transportation Institute(VTTI)

100-Car Naturalistic Study
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100-Car Naturalistic Study
12 – 13 months of data collection

2,000,000 vehicle miles of driving

42,300 hrs of driving

241 total drivers

15 police-reported & 67 non-police reported crashes

761 near-crashes

Contains many extreme driving cases
severe drowsiness, impairment, judgment error, risk taking

secondary task engagement, aggressive driving, traffic violations

Crash – any physical contact between the subject vehicle and 
another vehicle, fixed object, pedestrian, pedal cyclist or animal

Near-Crash – situations requiring a rapid, severe evasive 
maneuver to avoid a crash
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Age Distribution Pie Chart of Drivers 
(VTTI/100CarMain/pg94)
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100-Car Naturalistic Study
(cont’d)

Data Collection Instrumentation
– Five channels of digital, compressed video

– Front and rear radar sensors

– Accelerometers

– Machine vision-based lane tracker

– GPS

– Vehicle speed sensor 

Nearly 80 % crashes & 65 % of all near-crashes 
(due to distraction, fatigue, or just looking away)
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Tools
VTTI/100CarMain/pg73,75,76
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The Data
 12 out of 213 data for ID 8302  Up to 28963 pieces of data

342000 pieces of data for Near-Crash 10



Our Goals

 Better Understanding of crashes and near-crashes

Analyze Electronic data

Compare the Crashes and Near-Crashes with 
respect to data patterns prior to these events 

(drivers could be warned of high risk situations)
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Data Used

68 crashes & 761 near crashes
www.vtti.vt.edu

Several measures captured

30 seconds before the event

10 seconds after the event (≈ 10 Hz)

Narrative descriptions
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Definitions of Variables of 
Interest

SDs of Lateral Acceleration(in g) 
– Positive indicates lateral acceleration 

as generated by the vehicle turning to left. 

SDs of Longitudinal Acceleration(in g)
– Positive indicates longitudinal 

acceleration as generated by the 

vehicle accelerating from a stop. 

SDs of Yaw Rate(in deg/s) 
– Positive in vehicle turns to left. 

SDs of Composite Speed(in mph)
– Forward and reverse motion is positive 13
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Definitions of Variables of 
Interest (cont’d)

Acceleration: rate of change 
of velocity as a function of time

The acceleration created 
when a vehicle corners that 
tends to push a vehicle 
sideways.

Rotation around 
Yaw axis

Component of 
linear acceleration 
along the x axis



Statistical Methods

Time Series Plots

– Look for data quality, outliers

– Compare with narrative descriptions

Data reduction of 4 variables

– 5-15 second before event

– Mean of SD of each variables

– Mean of Means of Speed
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2 Sample T-test
Welch Test

– Independent samples

– Unequal variances

–

– 4 SDs & 1 Mean

Crash Vs. Near-Crash
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2 Sample T-test (suite)

Welch Test

Hypothesis :




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The R Code (1/2)
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The R Code (2/2)
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The R Code Summary

 Read the data

 Take wanted variables

 Find window in 
wanted variables

 Return them

 Graph

 T-test
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Time series Plots for 25/68 Crash 
events
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Time series Plots for 25/761 for Near-
Crash events
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Graph crash 8396
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Details on ID 8396

“Subject vehicle runs over a dead 
animal on the interstate. Subject is 
drowsy.”
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Graph near-crash 8348
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Details on ID 8348
“Subject is distracted by eating in the car when 
lead vehicle stops suddenly because an 
oncoming vehicle is turning to its left, across the 
path of the lead and subject vehicles, to enter a 
parking lot. Subject must brake hard to avoid 
hitting the lead vehicle in the rear, and car 
following subject must also brake to avoid hitting 
subject vehicle in the rear.”
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Results for Welch test
MEANS
RESULTS

SD of 
Lat-Acc

SD of 
Lon-Acc

SD of 
Yaw-rate

SD of 
Speed

Mean of 
Speed

t 1.893 0.944 2.297 -1.392 -2.881

p-value 0.062 0.348 0.024 0.167 0.005

Mean of … 
crash

0.050 0.064 2.718 2.861 21.511

Mean of … 
near-crash

0.039 0.057 1.653 3.395 28.754
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Discussion

 Incomplete data observed

– Difficult to implement reliable warning device

Crashes lower speed than Near-Crashes

Many Crashes were mild in nature

– Hitting stationary object in parking lot lightly

Higher Variability in Yaw-rate & Lat-Acc for 
Crashes

– Indicates loss of vehicle control
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Limitation

Non-Event Data needed

Had to treat all events as independent

Drivers ID’s 

Drivers were repeated

 Results may be over-studying significance
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Future Research

Obtain data on non-event segments

Electronic data 

– Prediction

– Crash & Near-Crash

– Real time
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